Abstract. In 1989, we conducted an onshore/offshore seismic experiment to image the crustal structure of the Cascadia forearc. In this paper, we discuss the processing and interpretation of a multichannel seismic reflection profile across the continental margin that was collected as part of this effort. This profile reveals several features of the forearc that were not apparent in an earlier, coincident reflection profile. One of the most important of these features is a very strong bottom simulating reflection (BSR) beneath the midslope region that is nearly continuous from water depths of about 1500 m to 600 m, where it appears to crop out on the seafloor. The pressure and temperature conditions at the BSR derived from our observations are remarkably consistent with the experimentally determined phase diagram for a methane hydrate/seawater system over a broad range of temperatures and pressures, assuming hydrostatic pressure and the temperature gradiant measured near the base of the continental slope during Ocean Drilling Program (ODP) leg 146. Interval velocities and reflection coefficients derived from the data indicate that the BSR represents a contrast between sediment with a small amount of hydrate overlying sediment containing free gas, consistent with results obtained during leg 146. Although the regional distribution of the anomalously strong BSR beneath the midslope is poorly known, we speculate that it may be related to apparent slope instability. The data also provide constraints on the thickness and geometry of the Siletz terrane, which is the basement beneath the shelf and acts as the subduction zone backstop. A deep reflection, which might mistakenly be interpreted to be Moho if coincident large-aperture data were not available, is interpreted to be the base of the Siletz terrane. A "recently" active strike-slip (?) fault zone that overlies the seaward edge of the Siletz terrane suggests that the Siletz terrane controls the location of decoupling of the subduction complex from the rest of the forearc.
Introduction
The Cascadia subduction zone has received considerable attention recently, both because of a large uncertainty about the seismic hazard it poses to the inhabitants of the Pacific Northwest region [e.g., Heaton and Hartzell, 1987 shelf, the age and composition of the sediments and intrusive rocks overlying the Siletz basement are constrained by a deep industry test hole located along the profile [Snavely, 1987] .
For the profile discussed in this paper, a tuned airgun array with a total volume of 128 L (7800 in 3) was deployed from the R/V Geotide, operated by DIGICON, and was fired at 30-s intervals. These shots were recorded by six ocean bottom and 10 onshore seismometers as well as by the 3833-m-long, 144-channel hydrophone cable towed by the R/V Geotide. In this paper, we present the multichannel seismic ( [Snavely, 1987] ). Many features of the new profile are similar to features observed on the USGS profile, and we refer the reader to Snavely [1987] for a detailed discussion of that profile. In this paper, we concentrate on several features of the new data that are not apparent in the USGS profile. The most important of these features are an anomalously strong bottom simulating reflection (BSR) associated with the presence of gas hydrate beneath the continental slope, a shallow fault overlying the seaward edge of the Siletz terrane, and a deep reflection underlying the Siletz terrane. These features are probably observable in the new data but not in the older USGS data because of the greater bandwidth an.d strength of the seismic source in our experiment.
Data Processing
Sixteen seconds of data were collected at a sampling rate of 4 ms. The data were then sorted and binned into common midpoints (CMPs) spaced 12.5 m apart. Because the shot interval was 30 s (resulting in a shot spacing of 66_+8 m), the fold of the data varies between 27 and 28, and trace spacing within CMPs averages 66 m. Shooting on time rather than distance was necessary in order to maximize the amount of data that could be recorded by ocean bottom seismometers (OBSs) with a recording capacity of 5 MBytes, and represents a compromise between the MCS and large-aperture objectives of the experiment. Fortunately such compromises should not be necessary in the future, as the storage capacity of OBSs has increased by orders of magnitude in the past few years.
Velocity analysis was conducted on every 50th CMP by manually picking the peaks on plots of semblance (an esti mate of signal coherence between traces [Sheriff and Geldart, 1982] ) as a function of velocity and time. For data seaward of the midslope region (CMP6500), velocities obtained by Cochran et al. [1994] were used. Not surprisingly, velocities are well defined in regions with numerous strong reflections; in regions with few reflections, velocities are poorly defined, and stacking velocities were estimated based on the OBS data. These velocities were then used to produce a preliminary stacked seismic section.
To plotted with only an approximate spherical divergence correction applied to the amplitudes and no normal moveout correction. Reflections at 6-to 7-s two-way travel time (twtt) require a moveout similar to that of the basement arrival at 3-s twtt, suggesting that they may be multiples of the basement reflection.
The arrival time of these reflections is also consistent with this interpretation. Faint reflections at 8.5-to 9-s twtt, on the other hand, show no measurable move out, implying high seismic velocities and suggesting that they are primary events from the lower crust or Moho.
Figure 2 also shows that the amplitude of the background noise varies considerably from trace to trace and that the noise level exceeds the amplitude of the reflections at 8.5-to 9-s twtt on approximately one third of the traces. The noisy channels vary from shot to shot, complicating the editing process. We therefore designed an algorithm to automatically zero all traces that have an average amplitude in the lower 6 s of data falling above an empirically determined threshold. The amplitudes of the remaining traces were then scaled to compensate for the reduced fold. This processing technique was quite successful in improving the signal-to-noise ratio of data from the lower crust (Figure 3) .
The data (sorted into 12.5-m bins of 27-to 28-fold data) were then stacked and migrated using a 45 ø finite difference algorithm and a velocity model derived from the stacking velocities. The data were band-pass filtered with a passband of 5 to 25 Hz above 3-s twtt and a passband of 5 to 20 Hz below 3.5-s twtt, and four adjacent traces were stacked together for this display. Amplitudes were scaled by a factor of (travel time) 2'5 to approximately Because of the wide range of water depths over which the BSR is observed (Plate lb), these data provide an excellent opportunity to test how closely the observations follow the experimental phase diagram for the transition from methane hydrate to free gas. A number of parameters, including seafloor temperature, subsurface temperature gradient, and water and sediment velocity and density structure are needed to derive an apparent phase boundary from the BSR observations. In the absense of subsurface temperature measurements, several workers have In a study of pressure and temperature conditions at a BSR that was drilled in the Nankai trough, Hyndrnan et aL [1992] concluded that the in situ hydrate/free gas phase boundary was best decribed by the experimental phase boundary for methane in fresh water. Although our results suggest that the phase boundary for a saline solution similar to seawater is more appropriate, the data in Figure 6e Attenuation and geometrical focussing are poorly known processes that may also have a large effect on apparent reflection coefficients. That intrinsic attenuation in the sediments, which depends on wavelet frequency and path length, is important is indicated in Figures 7a and 7b , where the frequency of the BSR wavelet decreases as BSR depth increases. Quantifying the effects of attenuation on measurements of peak-to-peak amplitude and separating this effect from interference effects due to the characteristics of reflecting interfaces is difficult. For this study, we neglected attenuation and note that this implies that our reflection coefficients may be considerably underestimated and that the amount by which the reflection coefficients are underestimated increases as the BSR deepens.
In order to place constraints on velocities above and below the BSR that are compatible with the derived reflection coefficients, we calculated the sub-BSR velocity implied by a range of assumed values for velocity and density above the BSR. For these estimates, we used assumed velocities above the BSR that are higher than those indicated by the interval velocities because it is likely that the velocity within the sediments above the BSR increases with depth. Because of the absence of additional coherent reflections within these sediments that would permit more detailed interval velocity estimates, how ever, we do not have any independent confirmation of the velocity above the BSR. The results of these calculations are summarized in Figure 8c Although the apparent sub-BSR velocities west of CMP 5400 are considerably higher and do not require the presence of free gas, these estimates may be considerably underestimated because we have neglected the effect of attenuation, which may decrease the apparent reflection coefficient by as much as 40%. We conclude that the large amplitude of the BSR observed beneath the mid-slope region along this profile suggests the presence of methane, both in the form of free gas and gas hydrate, within the older parts of the accretionary complex offshore Oregon.
In an attempt to understand the origin of the methane, we looked deeper in the seismic section. Few coherent reflections are observed either above or just below the BSR. However, a locally strong but discontinuous reflective zone is observed 0.5 to 1.0 s beneath the BSR (Figure 4 and Plate la). The ocean bottom seismometer data indicate that the average velocity between this reflective "surface" and the seafloor is less than 2.0 km/s (Figure  4c ), suggesting several explanations for this zone. One explanation is that it represents the base of a midslope basin formed either in situ or as a lower slope basin (similar to the one labeled LSB on Figure 4b ) and subsequently tilted and uplifted. The absence of any coherent layered structure within this basin and its discontinuous nature, however, argue against this interpretation. We believe that this reflective zone may represent the base of a large debris flow. High-resolution topography from the region shows several arcuate ridges that are concave landward (AR on Plate lb) and may represent the downslope signature of sediment instability over a large (approximately 15x20 km) region. The seismic reflection data also suggest that midslope sediments may overly the flat lying sediments of the lower slope basin between CMP 5910 and 6010, although this might also be an artifact of incomplete migration.
Exceptionally bright spots within this region (question marks on Plate 1 a and Figure 7b ), which show both normal and reversed polarity, may be reflections and diffractions from the top and/or bottom of diffuse pockets of free gas or overpressured fluids. We speculate that these fluids and/or gas migrate upward through the sediment column and are trapped beneath the BSR, where they migrate laterally until they are vented at the surface where the BSR outcrops on the seafloor and along small faults. A small circular hill observed about 0.5 km south of CMP 5350 (Plate lb) may be a mud volcano, providing further evidence of active fluid movement (and density inversions) within the older part of the accretionary prism.
In an attempt to determine whether the midslope BSR we observe is a widespread feature of the upper slope or is genetically related to the apparent debris flow we have identified in the bathymetric data, we scanned the existing database in this region.
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Very few seismic lines cross this part of the slope. A USGS multichannel seismic reflection profile that crosses the slope approximately 15 km north of our profile (approximately along the northern boundary of Plate lb) does not show any sign of a BSR in this region. It is interesting to note that both the landslide and large fluid accumulations in this region may be related to the Daisy Bank fault, which passes along its southwestern edge (Figure 1 ). This fault may have contributed to slope instability either through shaking during an earthquake or by serving as a deep conduit for fluid transport. We further speculate that this process may contribute to the formation of headless canyons on the continental slope.
Because the BSR appears to crop out on the seafloor at a depth where it can be relatively easily sampled and observed, this site may be a good test site for studying BSR formation and evolution on active margins. A recent study of an exposed BSR at 540 m depth in the Gulf of Mexico has documented this process on a passive margin and shown that the formation and dissociation of gas hydrate is a significant factor in the trapping and release of oil and gas [ MacDonald et al., 1994] . Additional data, including seismic data to map the regional extent of the BSR and correlate it with topography and sampling of the heel and toe of the apparent slump, will also be needed to resolve the multiple uncertainties concerning origin and amount of methane hydrate and free gas in the older part of the accretionary complex and the possible relationship between methane and slope stability. 
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